Background: The measurement of health-related quality of life is important in spinal deformity surgery. The Scoliosis Research Society questionnaire has allowed disease-specific research in this area, and determining the minimal clinically important difference (MCID) is as important as it is elusive. We seek to further refine our estimations of clinically perceived improvements by the patient.
INTRODUCTION
The measurement of health status provides a quantifiable ranking of an individual's self-assessment of well-being. The use of health-related quality-of-life (HRQOL) measures provides the foundation for an assessment of the utility of operative and nonoperative interventions and is the standard by which one may establish accountability for care and an evidence-based approach to health care. 1, 2 Health status may be measured by asking a general question of perception from the patient or by delving more specifically into the disease. 3 The Scoliosis Research Society (SRS)-22 has utility for clinicians and investigators as a disease-specific health status instrument that is responsive to health status over time and sensitive to nonoperative or operative interventions. 4 The discriminate validity of the SRS-22 allows one to quantify changes attributable to the natural history over time, to compare different approaches to care, and to compare the value of health interventions within and between medical specialties. The demonstration of a positive and significant change in health status is crucial for the determination and justification of allocation of health care resources. 1, 5, 6 As our treatments for spinal deformity evolve, it is important to establish a standard for measurement and interpretation of HRQOL data, along with a standard for change that is clinically relevant. Whereas some changes in HRQOL measures may be statistically significant, if their magnitude is small, they may be unlikely to be meaningful. The minimal clinically important difference (MCID) is a threshold of change that is recognized by the patient as valuable and appreciable. 1 The determination of MCID is often elusive and perhaps varies for different patient populations and various HRQOL measures.
Previous studies, including our own, have sought to determine the MCID for the SRS-22 using a variety of methods and a varying patient population. Whereas the MCIDs for pain, function, and total score seem to be reliably reported, the MCIDs for image and mental health remain poorly defined. 7 The purpose of this article is to further define the MCID for the SRS-22 instrument from a sample of patients from multiple institutions. We aim to compare our results with previous studies and better define the MCIDs for the mental health and image domains.
MATERIAL AND METHODS
This is a prospective observational study of patients with spinal deformity. Patients were adults recruited from 3 different spine centers in the United States: University of California San Francisco, Leatherman Spine Institute, and Washington University. All were asked to complete the SRS-22 at their presentation. One year later, after operative or nonoperative treatment, they were asked to complete the SRS-30.
Methods for measuring MCID include anchorbased methods and distribution-based methods. The anchor-based approach uses an external criterion, or anchor, with which to compare change. The anchor is usually a global perception question regarding treatment effect and is patient centered. This contrasts with the distribution-based approach, which is dependent upon the variance within the sample and defines significance as a relationship between magnitude of change and variance. 3, 8, 9 In this study, the anchor-based method was used to establish a MCID for each domain of the SRS questionnaire. The observed change in health status for each domain was compared with the patient's own global assessment of change at 1 year (the anchor). The change in health status was measured with specific questions assigned to domains for pain, function, self-image, and mental health, as seen as an adjunct in the expanded form, the SRS-30. For this study, the MCID in health status for each domain is defined as the value at the upper end of the 95% confidence interval of the group reporting ''no change.'' We believe this may be where the patient could start to perceive their own change toward the better because it is bordering the ''improvement'' arm.
Paired-samples test analysis was used to determine statistical significance of changes in health status and standard errors of measurement (SEM). The paired sample analysis provided a value for a statistically significant difference in the cohort.
RESULTS
A total of 183 adults with spinal deformity (114 women, 69 men) were included by nature of presenting to one of the study's spine surgeons for evaluation and management of primary deformity involving the spine. The most common diagnoses were adult idiopathic scoliosis (44.8%), iatrogenic sagittal deformity (13.7%), and junctional degeneration (12.6%; Table 1) .
Paired-samples analysis demonstrated statistically significant improvements in health status for the cohort in each domain. The reported changes, along with their mean difference, SEM, and MCID values, are shown.
Pain Domain
Reports of pain improved by a mean of 0.8 and a SEM of 0.08, from baseline to 1 year follow-up (P value ¼ .005). The MCID was 0.54 ( Figure 1 and Table 2 ). The change in pain exceeds the value of the MCID. 
Function Domain
Reports of function improved by a mean of 0.25 and a SEM of 0.065, from baseline to 1 year followup (P value ¼ .02). The MCID was 0.31 ( Figure 2 and Table 2 ). The mean change in function is less than the MCID.
Self-Image
Reports of self-image improved by a mean of 1.1 and a SEM of 0.09, from baseline to 1 year followup (P value ¼ .001). The MCID was 0.62 ( Figure 3 and Table 2 ). This domain also exceeds the MCID.
Mental Health
Reports of mental health improved by a mean of 0.38 and a SEM of 0.062, from baseline to 1 year follow-up (P value ¼ .02). The MCID was 0.5 ( Figure 4 and Table 2 ). This domain does not exceed the MCID.
DISCUSSION
This is a multicenter study of a prospective cohort of adults with spinal deformity. Statistically significant improvements were observed in each domain of health status over 1 year between baseline and follow-up. Using an anchor-based methodology, we demonstrated a MCID for each domain. Clinically significant, or important, improvements were seen as being larger than their mean change. These occurred in pain and self-image.
The MCID has been previously studied regarding surgically treated adult deformity using the SRS questionnaire. Crawford et al 7 reported that 1 year after their spinal deformity surgery, there was a generalized estimation of a 0.4 increase as their MCID, and less reliably shown for image and mental health domains. Carreon et al 10 studied surgical deformity treatment in adolescents and found their MCID for pain to be less than ours (at 0.20) and their MCID for appearance to be higher than our findings (at 0.98). This is important, given Gum et al 11 reported their 5-year follow-up satisfaction to correlate most with appearance score in the SRS questionnaire.
The utility of the SRS questionnaire as a diseasespecific health status instrument is that investigators can measure change in health status over time. The quantification of change permits one to assess the natural history and compare different approaches to care. One can then measure and place a value on the health intervention in a way that is meaningful to the patients' own global perception. A demonstration of a meaningful change in health status is crucial for the justification of health care resources.
This study provides an additional reference for thresholds of change that are clinically important to patients. Limitations in this study include the mixed cohort of nonoperative and operative patients and the selection of the value of the MCID. The mixed group was selected so that the changes were applicable for all patients being treated, regardless of the type of treatment. This heterogeneous cohort may be best applicable to the spine surgeon seeing and assessing a patient for the first time, when the treatment may not yet be determined. This patient population would most certainly be heterogeneous in nature and could be initially counseled with values from this study.
Other limitations include considering that the value of the MCID could have been selected differently; for example, within the values of the ''improvement'' groups. However, mean improvement boundaries may not include the ''minimal'' clinically important difference. It was thought that the upper boundary of ''no change'' may be a more sensitive or representative value that suggests the trend toward improvement. This difference was less relevant for the subgroups that were not improving beyond the MCID. Further studies with anchorbased metrics and finer assessments of improvements will permit a more detailed delineation of the subset of patients who recognize a minimally important change in their health status.
The task of determining the true MCID for each domain of the SRS-22 remains a tedious task requiring multiple studies that may or may not corroborate previous findings. Compared with our previous work, 7 we were able to further define the MCIDs for self-image and mental health domains. We once again used an anchor based method to determine the MCID, with a heterogeneous treatment group and smaller size compared with our previous work. The determination of the MCID was done through an alternate method, and this brings diversity to this field of study.
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